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Potential between external monopole and antimonopole in SU(2) lattice 
gluo dynamics * 
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We present the results of a study of the free energy of a monopole pair in pure SU(2) theory at finite tem- 
perature, both below and above the deconfinement transition. We find a Yukawa potential between monopoles 
in both phases. At low temperature, the screening mass is compatible with the lightest glueball mass. At high 
temperature, we observe an increased screening mass with no apparent discontinuity at the phase transition. 

1. Introduction 



Since it was suggested by 't Hooft H and Man- 
delstam that monopole condensation in non- 
abelian gauge theories may be an explanation for 
the confinement mechanism, many studies have 
been devoted to the magnetic properties of these 
theories 

In the present study, we probe the vacuum 
structure of pure SU(2) gauge theory by insert- 
ing a static monopole-antimonopole pair into the 
vacuum and measuring its free energy at different 
separations and different temperatures. While 
in the classical theory there is a Coulomb po- 
tential between SU(2) monopoles, we expect the 
quantum theory to show a Yukawa-potential if 
there is a monopole condensate, and a Coulomb- 
potential, if quantum fluctuations do not produce 
a magnetically screening object. 

2. Simulation method 

The method we use for inserting a static SU(2) 
monopole pair on the lattice was put forward by 



Figure 1 . Monopoles sit at the end of a magnetic 
flux tube 
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't Hooft and others Js — 13 1 and essentially amounts 
to introducing a magnetic flux tube by multiply- 
ing the couplings with an element of the center 
of the gauge group (/? — > — f3 for SU(2)) on a 
string of plaquettes in every timeslice (schemati- 
cally shown in fig|l]). 

This tube carries a flux of <f> = ir\/]3, so at 
each end of the flux tube is a elementary cube 
with net magnetic outflux <f> = ±wy/]3. But since 
for a compact lattice theory magnetic flux is only 
defined modulo 2ny/]3, both monopoles are in- 
distinguishable and coincide with their own anti- 
monopole. 

In order to measure the free energy of a 
monopole pair, we split the SU(2) action into two 



2 



parts with different couplings 



y p<£m PeM I 

where M is the set of all the plaquettes in the 
monopole string. In the case where 0' = 0, 
(|l|) is the action of a plain SU(2) theory and for 
0' — —0 it is the action of SU(2) with the static 
monopole pair. So the free energy difference upon 
a monopole pair insertion is 

Z{0,-0) 



AF = -Tin- 



(2) 



Z(0,0) 

where T — 1/N t a is the temperature of the sys- 
tem and Z{0,0') is the partition function 



Z{0,0')=Y,< 



(3) 
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Figure 2. Free energy of the monopole- 
antimonopole pair vs. distance in lattice units at 
= 2.6 for different values of Nt- The lines rep- 
resent fits to a Yukawa potential. 



We can calculate AF using the Ferrenberg- 
Swendsen multihistogram method [Q on his- 
tograms of the flux tube energy 

' ^ Tr(U P )) 



PeM 



(4) 



for a set of n s between —0 and (where the 
separation between successive 0"s has to be small 
enough, that neighboring histograms have a sub- 
stantial overlap). 

Our simulations were performed with couplings 
between = 2.476 and = 2.82 on systems of 
volumes, ranging from N x x N y xN z = 16 2 x 32 to 
N x x N y x N z — 32 2 x 64. The time extent in our 
simulation varied between N t = 2 and Nt — 16. 
For each system, we measured the free energy at 
monopole separations from a to 6a. 

We used a combined overrelaxation and 3-hit 
Metropolis update algorithm. For every simula- 
tion, we started at 0' = with 5000 thermal- 
ization updates followed by 200 to 800 indepen- 
dent measurements of E' , separated by 50 up- 
dates. We then decreased 0' in 11 to 61 steps 
to 0' = —0 and performed 500 thermalization 
updates followed again by the measurement up- 
dates. Here, a single E' measurement consisted of 
an average over 384 configurations of the plaque- 
ttes on the monopole string on a fixed background 
configuration. 



N t 






ma 


Q 


2 


3.676 


17.3(4.1) 


2.29(55) 


0.41 


4 


1.838 


5.43(59) 


0.720(78) 


0.03 


6 


1.225 


4.13(41) 


0.548(54) 


0.02 


16 


0.460 


3.24(42) 


0.430(56) 


0.96 



Table 1 

Screening masses for — 2.6 in units of the string 
tension at zero temperature yfa and in lattice 
units. For comparison, the temperature of the 
system is given. Q is the fit quality. 



3. Results 

In fig. ^| we plot the free energy vs. monopole 
pair separation for a N x x N y x N z — 20 2 x 40 
system at — 2.6 and different temperatures. 
The lines are fits to a Yukawa-potential 



F(r) = F Q - c- 



(5) 

Table |l| shows the screening masses obtained 
from this fit. A Coulombic behavior (to = 0) is 
clearly ruled out. The quality of a Coulomb fit 
is Q « 10~ 7 for Nt — 16 and even worse (Q < 
10~ 15 ) for all other cases. 

At low temperature, we can compare our 
screening masses to the known mass of the light- 



3 



/3 


m g a 


ma 


m r a 


2.5 


0.66(2) 


0.46(8) 


0.64(20) 


2.6 


0.51(3) 


0.43(6) 


0.53(12) 



Table 2 

Comparison of the screening masses (m, m r ) in 
the confined phase to the lightest glueball mass 
(m g , taken from []l5| ). m r is the screening mass 
from a restricted fit ignoring the data point at 
monopole separation a. 
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Figure 3. Plot of the screening mass vs. temper- 
ature. The last data point for (3 — 2.6 is from a 
simulation with N t = 2 and should be taken with 
caution. The object acquires a thermal mass and 
there is no indication for the deconfincment tran- 
sition in this observable. The dashed line indi- 
cates the critical temperature (taken from flltl). 



est glueball state (table |^). The masses are 
roughly in agreement, especially when one ignores 
the data point at separation a, which is most af- 
fected by discretization errors. 

In fig. |3| we plot the screening masses vs. tem- 
perature. There clearly is an increase of the 
screening mass with temperature, but we can see 
no signal of the phase transition. 



a screened behavior. At low temperature, the 
screening mass is roughly in agreement with the 
mass of the lightest glueball state. At high tem- 
perature, we observe an increase in the screening 
mass with no apparent discontinuity at the phase 
transition. 
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4. Conclusion 

We have studied the free energy of a monopole 
pair in pure SU(2) gauge theory at finite temper- 
ature. We find, that in both phases it exhibits 



